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Tuesday, March 8, 2011 381afructose-6-phosphate (F6P). To directly determine whether PFK1 is a control
point for slow metabolic oscillations, we experimentally manipulated the flux
through PFK1 by altering the activity of 6-phosphofructo-2-kinase/fructose-
2,6-bisphosphatase (PFKFB). This bifunctional enzyme, which contains an
N-terminal kinase domain (PFK2) and C-terminal phosphatase domain
(FBPase2), strongly activates PFK1 activity via conversion of F6P to
fructose-2,6-bisphosphate, a potent allosteric activator of PFK1. PFKFB
has also been proposed to bind and directly activate glucokinase, further ac-
celerating glycolytic flux. Using optical measurements of NAD(P)H and
Ca2þ, we found that increasing the level of PFK2, but not FBPase2, in islets
strongly decreased both the period and amplitude of slow oscillations by
~40%. In many of the PFK2-expressing islets slow oscillations (period
>120s) were either converted to fast oscillations (period <120s) or were
abolished. These data are consistent with the predictions of the DOM after
modification of the model to include regulation of PFK1 by PFKFB, and fur-
thermore support the hypothesis that slow oscillations are driven by oscilla-
tions in glycolysis. Supported by F32DK085960 (M.J.M.), NSF-
DMS0917664 (R.B.), NIH/NIDDK Intramural Research Program (A.S.),
and R01DK46409 (L.S.).
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Expression and Purification of G Protein-Coupled Receptor (GPCR)
Transmembrane Peptides
Zachary T. Britton, Elizabeth I. Hanle, Anne S. Robinson.
Despite the role of G-protein-coupled receptors (GPCRs), the largest family of
integral membrane proteins, in various physiological processes and significant
interest by the pharmaceutical industry, our knowledge of this class of proteins
is limited by the lack of structural and functional data. Recently, ‘‘divide and
conquer’’ approaches to membrane protein structure determination, in which
GPCRs are segmented into shorter and easier-to-handle transmembrane (TM)
peptides, have yielded structure-function insights. Current methods for gener-
ating TMpeptides, however, require mutations that ultimately may have a struc-
tural effect. Herein, we have generated a robust system for the high-level
expression and purification of GPCR peptide fragments in E. coli that elimi-
nates this requirement.
The engineered system utilizes an N-terminal ketosteroid isomerase (KSI) do-
main, redundant Strep affinity tags, thrombin cleavage site, and a nickel affinity
tag to enable the expression and rapid purification of receptor peptides for bio-
physical and structural characterization. The KSI domain directs fusion protein
expression to inclusion bodies, where the fusion protein can be solubilized in
detergent and purified by nickel affinity chromatography. The TM peptide is
released from the fusion protein by thrombin digestion and separated by differ-
ential Strep affinity.
Buffer conditions that are suitable for nickel affinity chromatography, thrombin
cleavage, and strep affinity chromatography have been optimized, where puri-
fication yields for fusion proteins of human adenosine A2a receptor (hA2aR)
TM 7, a model peptide, were ~20 mg/L. Furthermore, hA2aR TM 7 peptide
has been recovered following thrombin cleavage and subsequent purification
in sufficient quantities for biophysical characterization. However, when this
system was applied to the purification of fusion proteins of hA2aR TM 6-7,
the observed purification yields were drastically reduced (~1 mg/L). The role
of hA2aR TM 6 and the generalizability of this approach to several GPCRs
will be discussed.
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Expression and Characterization of E. coli YchM, a Bacterial Member of
the SLC26 Family of Anion Transporters
Volodymyr Shnitsar, Reinhart A.F. Reithmeier.
The widely-expressed members of the SLC26 family of anion transporters
play a crucial role in the transport of bicarbonate, chloride, sulfate and
iodide in epithelial cells and mutations cause a number of serious human
genetic disorders including cystic fibrosis, dystropic dysplasia, congenital
chloride diarrhea and deafness. To elucidate the molecular structure of
SLC26 transporters and their mechanism of action, the E. coli homologue,
YchM transporter, was chosen for analysis. YchM consists of two functional
domains: the N-terminal membrane domain responsible for transport activity,
and the C-terminal STAS domain, whose crystal structure resembles
SpoIIAA, the anti-sigma factor antagonist from Bacillus. YchM and its
membrane domain with a C-terminal His-tag were expressed in various E.
coli strains (Tuner, C41, C43) grown at 20C and purified using Ni-NTA af-
finity chromatography and gel filtration. Stability tests were carried out witha range of detergents, with n-dodecyl-b-D-maltopyranoside (DDM) at pH
6.0, 100mM NaCl and 2% glycerol being optimal. The CD-spectrum of
YchM revealed a high helical content, and the thermal titration profile re-
vealed that YchM protein has 2-step titration curve at 40C and 55C.
YchM was prone to aggregation while sparce-matrix screening of the mem-
brane domain gave small crystals that diffracted to ~12A˚. Further refinement
of the purification and crystallization conditions are underway. Supported by
operating and training grants from CIHR.
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Structural Investigations of Inclusion Membrane Protein a (INCA) of
Chlamydia Trachomatis
Ashley Keller, Linda Columbus.
Inclusion membrane protein A (IncA) is found in the inclusion host membrane
that surrounds Chlamydiae trachomatis within the host cell, and its putative
function is to facilitate homotypic fusion between inclusions. The three-
dimensional IncA structure is unknown, but it is predicted to consist of two
transmembrane helices with a C-terminal leucine zipper motif. In this study,
the IncA full-length membrane protein recombinant expression, purification,
solubilization, and preliminary structural studies are presented. IncA was ex-
pressed as a His-tag fusion to the inner membrane of E.coli. Purification of
IncA was optimized using a dual-detergent approach in which decylphospho-
choline (FC-10) efficiently extracted the protein from the membrane and was
exchanged into dodecylphosphocholine (FC-12) during purification using im-
mobilized metal affinity chromatography. Circular dichroism spectra of puri-
fied IncA indicate IncA is alpha-helical. Analytical gel filtration was
performed in a variety of detergents and the results suggest that IncA is pre-
dominantly a dimer; however, there is also a significant monomer population
observed. The oligomer population is consistent with the putative function of
IncA, in which dimerization is required for homotypic fusion of the chlamyd-
ial inclusions. The results presented suggest that the purified IncA dimer and
monomer are amenable to a variety of structural methods (e.g. NMR and
EPR).
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The Structure of Atp Synthase from Bovine Heart Mitochondria by Single
Particle Electron Cryomicroscopy
Lindsay A. Baker, Michael J. Runswick, John E.Walker, John L. Rubinstein.
Adenosine triphosphate (ATP) is the nearly universal source of energy for cel-
lular processes. In most aerobic cells, ATP is produced by ATP synthase,
a membrane-bound protein complex consisting of two molecular motors con-
nected by a central rotor and a peripheral stator. During ATP synthesis, the pro-
ton motive force across the membrane drives rotation of the motor in the
membrane-bound FO region. As it turns, this membrane motor drives the rota-
tion of an asymmetric central shaft inside the centre of the soluble catalytic F1
region of the complex, inducing cyclic conformational changes in three active
sites. The F1 portion of the complex is held stationary, relative to the mem-
brane, by the peripheral stator.
Although the soluble F1 region is well studied, little structural information ex-
ists for the membrane-bound FO region, preventing understanding of the
mechanism of proton translocation and the generation of rotation within the
complex. To address this issue, we have determined the structure of intact
ATP synthase from bovine heart mitochondria using single particle electron
cryomicroscopy at a resolution sufficient to observe most subunits in the
membrane region. The map shows limited contact between the rotor and
the membrane-bound subunit that induces rotation of the rotor, suggests a po-
tential new role for the subunits involved in dimerization, and provides insight
into the mechanism by which the peripheral stator anchors the F1 catalytic
domain.
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Three-Dimensional Structure of a Membrane-Anchored AAA Machine
Sukyeong Lee, Steffen Augustin, Takashi Tatsuta, Florian Gerdes,
Thomas Langer, Francis T.F. Tsai.
Membrane-anchored AAA proteases are conserved ATP-dependent molecular
machines that mediate the processing and turnover of membrane embedded
proteins. We have determined the 12-A˚ resolution single-particle cryoEM
structure of a full-length, hetero-oligomeric, yeast m-AAA protease hexamer,
which reveals for the first time the structural organization of the membrane
spanning and intermembrane space domains. The fitted structure of the intact
protease offers an explanation how m-AAA proteases dislocate and degrade
membrane integral proteins, and provides the stereo-chemical framework for
further biochemical and mechanistic studies. The structure and mechanism of
the m-AAA protease will be discussed.
